Enhanced metallic properties of SrRuO 3 thin films via kinetically controlled pulsed laser epitaxy J. Thompson et al. Fig. S1. AFM Topography (3×3 µm) of GSO substrate and corresponding SRO film (65 nm) (a) GSO substrate after annealing in air for 1 hour at 1000˚C. Our GSO substrates are atomically flat, having a typical surface roughness, R q = 1.4 nm, unit cell step height and miscut angle less than 0.1˚. (b) 65 nm SRO epi-thin film imaged immediately after deposition. The films all had similar surface roughness (Rq ≈ 1.6 nm) which is comparable to the substrate. The white line in (a) is a scale bar representing 1 µm. GSO substrate SRO (65 nm) (a) (b) d yz d xz d xy SrRuO 3 Ru 4+ : 4d 4 t 2g Effect of Tensile Strain on SrRuO 3 Thin Films Fig. S2. Schematic demonstrating the effect of tensile strain on the SRO crystal lattice.
. First principles calculations of the effect of tensile strain on the in-plane bond angle and exchange energy. In order to examine the influence of tensile strain on the physical properties of SRO thin films, we performed first-principles calculations as a function of applied tensile strain. The summary of our results are shown here. (a) Although there is no appreciable change in the density of states at the Fermi energy, N(E F ), we do notice an increase in the in-plane bond angle which agrees with our predictions. (b) Also, note that while the out-of-plane (in-plane) exchange energy, J c (J ab ), decreases (increases), the average exchange energy, J avg increases when applying up to 1% tensile strain. SRO is a well-known itinerant ferromagnet and therefore, the ferromagnetic properties should be related to the transport properties, i.e. an increase in conductivity should coincide with an increase in T C , and vice versa. From our calculations we can expect that tensile strained SRO films will follow the later possible scenario from Figure S1 , the 9 nm sample shows that the SRO peaks are located at different positions (Q// = 6.43 and 6.46 nm -1 respectively), while the 65 nm film has the SRO peaks in the same location (Q// = 6.43 nm -1 ). In Ref. 18, the authors used RSM and nano-beam electron diffraction measurements and they used this data to show that films thicker (thinner) than 16 nm have higher (lower) crystalline symmetry which is indicative of a structural phase transition to a monoclinic phase as the film thickness is decreased. Fig. S8 . Results for ultra-slow deposition rates. In order to determine the optimal range of deposition rates for SRO epi-thin films, we fabricated many films at different rates. Here, we show a comparison of the ρ(T) data for two films grown at our highest and lowest rates. The black line represents a 6 nm film which was deposited at a rate of~200 pulses per unit cell, and the red line represents a 5 nm film deposited at a rate of~800 pulses per unit cell. The films are very similar in thickness and therefore we would expect the resistivity of the two samples to be very similar with the 5 nm film being slightly higher. Surprisingly, we observe that, in fact, the 5 nm film has a much lower resistivity. This is another indicator of the huge impact that the deposition rate can have on the overall quality of the SRO epi-thin films. It is important to note that the slightly reduced T C of the 5nm film is a result of the thickness limit for ferromagnetism (Ref. 21) in SRO films and not the quality of the film itself. 
